OBJECTIVES: To determine whether patient sex makes a difference to in-hospital mortality and survival in patients undergoing isolated coronary artery bypass graft surgery (CABG) receiving a radial artery graft.
INTRODUCTION
Numerous retrospective studies with regard to the radial artery and its use in patients undergoing coronary artery bypass graft surgery (CABG) have demonstrated its superiority; however, a number of these have been relatively small [1, 2] . The only large randomized trial on radial artery use found no significant difference in long-term outcomes in patients receiving a radial artery or a saphenous vein graft [3] [4] [5] .
Patient sex is a known risk factor for in-hospital death and longterm survival post-isolated CABG [6] . To date, no large studies have analysed survival by sex in patients undergoing isolated CABG with a radial artery [1, 7] . Males and females have different disease profiles that are difficult to adjust for by multivariate or propensity matching. Males tend to be larger than females, and so tend to have larger radial and coronary artery diameters. We hypothesized that males, due to the larger diameter of the radial artery as a conduit, may benefit more than females do.
We examined in patients undergoing isolated CABG the in-hospital mortality and long-term survival, of males and females separately, who did or did not receive a radial artery.
METHODS
Local institutional academic approval was gained for this retrospective study. The pre-, peri-and postoperative characteristics of the study population are summarized in Table 1 . The study period was from 1 April 1997 to 30 March 2012. Only patients undergoing first time isolated coronary artery bypass surgery were included. Off-pump conversions were analysed on 'an intention-to-treat' basis, so were classified as off-pump procedures. Renal failure was defined as a preoperative serum creatinine of >180 mmol/l or the need for preoperative dialysis (as per the EuroSCORE scoring system). Cardiovascular disease was defined as a history of a previous vascular event. Critical preoperative state was as defined as per [6, 8, 9] . For normally distributed data with equal variance, the independent t-test was used, and for unequal variance, the Welch test was used. For skewed data, the Mann-Whitney test was utilized. Primary outcomes were in-hospital mortality and long-term survival.
Analysis
Univariate. Kaplan-Meier survival curves were constructed for males and females who received a radial artery or saphenous vein post-isolated CABG.
Multivariate. Stepwise Cox regression analysis was utilized to evaluate factors affecting long-term survival. Cox proportional hazards assumption was checked for significant covariates. Inhospital mortality was assessed by stepwise logistic regression. The entry criterion was P < 0.1, and the removal criterion was P > 0.05, for multivariate analysis. Covariates included in the multivariate analysis were: radial artery usage, age, sex, body mass index (BMI), renal failure, diabetes, ejection fraction, cardiovascular disease, era or surgery, left internal mammary artery (LIMA) usage, bilateral internal mammary artery (BIMA) usage, on-or off-pump surgery, composite arterial grafting and logistic EuroSCORE.
Propensity analysis. Two matches were performed for males and females. Logistic regression for group membership of who received a radial artery was used to calculate the propensity score for 1:2 matching. Matching 1:2 was used as nearly double the number of patients received a vein graft as opposed to a radial artery graft. Nearest-neighbour matching without replacement with a caliper of 0.2 was utilized.
Variables used in the propensity match included: age, sex, BMI, renal failure, diabetes, ejection fraction, cardiovascular disease, LIMA usage and logistic EuroSCORE.
A dotplot of standardized mean differences (Cohen's d-an effect size index for the comparison of two sample means) for all covariates before and after matching was produced. Cox survival curves plotted at the mean of the covariates post-propensity matching were produced.
Era of surgery
Due to the long period covered by the database, the effect of 'time era' was investigated in two ways. The database was divided into equal halves, for early and late periods. The multivariate analyses were then repeated for in-hospital death and long-term survival. The year of surgery was used as an independent variable in the multivariate analysis.
Left internal mammary artery utilization
Survival analysis was repeated only for patients who received a LIMA to left anterior descending artery (LAD), to avoid patients who received only saphenous vein grafts being compared with patients who received a radial artery plus or minus a LIMA.
Statistical software
MedCalc for Windows (version 12.1.4, MedCalc Software, Mariakerke, Belgium) was used for all statistical analyses other than the propensity matching. The propensity matching was performed with SPSS Statistics Integration Plug-In for R, R 2.12.2 and SPSS (version 20.0 for Windows, SPSS, Inc., Chicago IL, USA).
RESULTS

Study population
Overall mortality was 2.1% (n = 284) for all cases, n = 13 369. Median follow-up was 7.02 (interquartile range 4.1-10.1) years.
Univariate analysis
In-hospital mortality was significantly lower in male patients, P < 0.001 (Fig. 1) . Radial artery use was associated with significantly increased long-term survival (hazard ratio [HR] 0.71, 95% confidence interval [CI] 0.64-0.79, P < 0.0001), and male sex was associated with significantly increased long-term survival (HR 1.21, 95% CI 1.09-1.34, P = 0.0003)-see Supplementary Material. Kaplan-Meier survival for the effects of radial artery use in male, P < 0.0001, and female, P = 0.82, patients is shown in Fig. 2A and B.
Multivariate analysis
The assumption for Cox proportional hazards was found to be true for radial artery usage, age, diabetes, ejection fraction, cardiovascular disease, renal failure and logistic EuroSCORE. The covariates BMI and LIMA usage did not fit the Cox proportional hazard assumption. All analyses were redone excluding patients who did not receive a LIMA graft to eliminate this as a potential error. BMI was only a significant factor in male patients, and all analyses was repeated without BMI as a covariate (as HR close to 1.0 and P = 0.04), with the same results as below.
Males
Logistic regression (receiver operating curve [ROC] 0.76, HosmerLemeshow P = 0.12) identified age, renal failure and logistic 
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EuroSCORE as significant factors determining in-hospital mortality (Table 2) . BMI, cardiovascular disease, LIMA usage, diabetes, radial artery use and on-or off-pump technique were excluded as significant factors.
Cox regression (Harrel C-statistic 0.72) identified radial artery usage, age, diabetes, ejection fraction, BMI, cardiovascular disease, renal failure, non-usage of the LIMA graft and logistic EuroSCORE as significant factors determining long-term survival (Table 3 and Fig. 3A) . Composite arterial grafting and BIMA utilization were not identified as significant factors.
Females
Logistic regression (ROC 0.72, Hosmer-Lemeshow P = 0.06) identified off-pump CABG, diabetes and logistic EuroSCORE as significant factors affecting in-hospital mortality (Table 2) . Age, BMI, cardiovascular disease, ejection fraction, LIMA usage, diabetes, radial artery use, renal failure and on-or off-pump technique were excluded as significant factors.
Cox regression (Harrel C-statistic 0.68) identified age, diabetes, ejection fraction, renal failure, LIMA non-usage, renal failure and logistic EuroSCORE as significant factors determining long-term survival (Table 3 and Fig. 3B ). Composite arterial grafting and BIMA utilization were not identified as significant factors.
Propensity analysis
Separate propensity analyses were performed for male and female patients.
Males
Propensity 1:2 matching of male patients resulted in 9000 patients being matched. The median logistic EuroSCORE after matching was 2.1 (25th-75th percentile 1.3-3.9) for patients who received a radial artery, compared with a median risk of 2.3 (25th-75th percentile of 1.3-4.2) for patients who did not, P < 0.0001 (MannWhitney test-independent samples). A dotplot of standardized mean differences (Cohen's d) for all covariates before and after matching for radial artery use is shown in Fig. 4A . Overall multivariate imbalance test was not significant, P = 0.27. Full details of the propensity match are given in Supplementary Material.
Logistic regression (ROC 0.79, Hosmer-Lemeshow P = 0.23) identified age, ejection fraction, LIMA non-usage, renal failure and logistic EuroSCORE as significant factors determining in-hospital mortality (Table 2) . BMI, cardiovascular disease, diabetes, hypertension and on-or off-pump surgery were excluded as significant factors.
Cox regression (Harrel C statistic 0.71) identified radial artery usage, age, BMI, diabetes, ejection fraction, renal failure, cardiovascular disease and logistic EuroSCORE as significant factors determining long-term survival (Table 3 and Fig. 5A ). LIMA usage, hypertension and on-or off-pump surgery were excluded as significant factors.
Females
Propensity 1:2 matching of male patients resulted in 2281 patients being matched. The median logistic EuroSCORE after matching was 4.0 (25th-75th percentile 2.5-7.3) for patients who received a radial artery, compared with a median risk of 3.7 (25th-75th percentile of 2.2-6.5) for patients who did not, P = 0.02 (MannWhitney test-independent samples). A dotplot of standardized mean differences (Cohen's d) for all covariates before and after matching for radial artery use is shown in Fig. 4B . Overall multivariate imbalance test was not significant, P = 0.39. Full details of the propensity match are given in Supplementary Material. Logistic regression (ROC 0.71, Hosmer-Lemeshow P = 0.03) identified off-pump CABG, diabetes and logistic EuroSCORE as significant factors determining in-hospital mortality (Table 2) . Radial artery usage, age, renal failure, ejection fraction, hypertension, BMI, cardiovascular disease and LIMA usage were excluded as significant factors.
Cox regression (Harrel C-statistic 0.67) identified age, renal failure, diabetes, ejection fraction and logistic EuroSCORE as significant factors determining long-term survival (Table 3 and Fig. 5B ). Radial artery usage, BMI, hypertension, cardiovascular disease, LIMA usage and on-or off-pump surgery were excluded as significant factors.
Era of surgery
Era of surgery was a significant factor determining in-hospital mortality and long-term survival, regardless of era technique utilized-early/late or by year of surgery. Our results with regard to the radial artery, however, remain unchanged with regard to in-hospital death and long-term survival (data not shown).
Left internal mammary artery utilization
Exclusion of patients who did not receive a LIMA to LAD did not alter the results with regard to significantly increased long-term 
DISCUSSION
Radial artery usage in males undergoing isolated CABG is significantly associated with increased survival. This finding was not replicated in female patients. Radial artery use, regardless of patient sex, has no effect on hospital mortality. The majority of previous studies on the radial artery have grouped males and females together in the study group. However, one small study and one large study have identified women as more likely to benefit from radial artery grafting than men [1, 7] . We are unable to explain the difference in findings; however, we had a sample size 10 times larger than that of the smaller study and more than twice as many female patients undergoing radial artery harvest as in the large study, potentially indicating a statistical power issue.
A number of recent non-randomized studies have identified the radial artery as a significant factor improving long-term survival; however, several of these studies have been in comparatively small numbers of patients [1, 2, 10] . Meta-analysis has confirmed the superior survival advantage of using the radial artery [11] . Despite the optimistic retrospective analysis, prospective work has failed to demonstrate a significant survival advantage with the use of the radial artery [3] [4] [5] .
Selection bias is always an issue with retrospective studies. The adoption of a propensity matching analysis can partially adjust for this confounding factor; however, we feel that as the percentages of males and females receiving a radial artery were similar, selection bias was less of an issue to potentially biasing our results.
Females are known to have worse long-term outcomes post-CABG compared with males due to age, concomitant risk factors and frequently more diffuse disease in smaller coronary arteries [6] . We can only hypothesize that these 'other' risk factors counterbalance any survival advantage receiving a radial artery incurs. Hormonal differences are unlikely as the majority of our female patients are post-menopausal.
Technical issues secondary to small conduit and coronary artery size in females may be an issue. Postoperative creatinine kinase myocardial isoenzyme release, however, was identical in females receiving a radial or saphenous vein graft (data not shown), indicating a similar perioperative infarct rate, and the in-hospital mortality rate was unaffected by radial artery usage, implying that technical issues were not responsible for the parity in outcomes.
Debate continues over the use of the radial artery as a composite graft or not [10, 12] . Composite T grafts with the radial anastomosed to the LIMA were performed in 37% of patients. Multivariate analysis failed to identify composite grafting as an issue with regard to survival (data not shown). We found no survival advantage for BIMA utilization; however, our study is statistically underpowered for this, and the finding needs to be interpreted with caution.
The target vessel for the second arterial graft in this study was not analysed. We speculate that it is unlikely to be different between males and females. In addition, we did not record percentage vessel stenosis, fractional flow reserve or SYNTAX (Synergy Between Percutaneous Coronary Interventions With Taxus and Cardiac Surgery) scores for the vessels grafted.
Despite publication bias that may exist with regard to negative outcomes and radial artery usage, concerns still remain [13] . Female sex was identified as a risk factor in this work [13] .
Interestingly, the univariate, multivariate and propensity matching in a very large study cohort produced the same result, and we would be interested if subanalysis of the RAPCO (Radial Artery Patency and Clinical Outcomes) study data concurred with our findings, as despite numerous analyses, subanalysis by sex has not been performed.
LIMITATIONS
We present a single-institution retrospective study and should be interpreted as such due to the inherent errors associated with this methodology. We do not have any long-term morbidity data for our study cohort; however, our study is large and has extended follow-up which was 100% complete. We do not have the breakdown of the SYNTAX score of the distal targets grafted with the radial artery. The BIMA results may be underpowered and should be interpreted with caution.
CONCLUSIONS
In a very large single-institution study, males derive a significant survival advantage if they receive a radial artery graft when undergoing isolated CABG. The radial artery makes no difference to long-term survival in female patients. Radial artery use does not affect in-hospital mortality regardless of patient sex.
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